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METHOD AND SYSTEM OF CONTROLLING A
.. JET ENGINE FOR AVOIDING ENGINE SURGE

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured
and used by or for the Government for governmental
purposes without the payment of any royalty thereon.

BACKGROUND OF THE INVENTION

This invention relates to jet engines, and more partic-
ularly, to the control of operating points of the jet en-
gine fan for controlling surges.

There is a need in the field of jet engines to be able to
regulate and control the operating point of the jet en-
gine fan to avoid surge. One important value of this
control is that of safety. A jet engine may experience a
loss in performance during engine surge which could
result in a crash. Also, such control improves the reli-
ability of the jet engine. _

The present invention provides the above need by
offering a system of continuous monitoring of the fan
pressures in two locations and regulating certain param- -
eters in accordance with a comparison of these pres-
sures with a predetermined level.

SUMMARY OF THE INVENTION

The present invention is a system for calculating and
momtonng a ratio of RMS amphtud&s across the fan of
a jet engine and only requires considering the data 30
within a small frequency range. Time variant total pres-
sure probes are used to detect the amplitude of the
fluctuating total pressures. The output electrical signals
are filtered and RMS values are determined. When the
ratio of the discharge to the entry RMS amplitudes
equals a predetermined level, the operating point of the
fan is altered and/or the flight altitude and Mach num-
ber are changed. The use of pressure ratios across the
fan indicates incipient surge and by changing the oper-
ating point of the fan such a surge can be prevented. 40

It is therefore an object of this invention to provide a
‘method and system of monitoring the performance of a
jet engine.

It is another object to provide a system for improving
the reliability of jet engines.

It is still another object to provide a system of avoid-

ing loss in performance during engine surge and possi-
ble aircraft crash.
It is still another object to provide another method
and system of controlling the operating point of a jet
engine fan by monitoring the amplitude of RMS pres-
sure ratios requiring only a small frequency range.

These and other objects, features and advantages of
the invention will become more apparent from the fol-
lowing description taken in conjunction with the illus-
trative embodiment in the accompanying drawings in
‘which like reference numerals identify like elements in
the several figures.

DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic diagram of a jet engine showing
the relationship of the pressure probes;

FIG. 2 is a block diagram showing an embodiment of
the invention;

FIG. 2a is a graph showing the pressure versus time
relationship at one position of a pressure probe;

FIG. 2b is a graph showing the pressure versus time
relationship at a second position of a pressure probe;
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FIG. 3 is a graph showing a plot of ratios of RMS
values versus time with this relationship compared to a
limit value; and

FIG. 4 is a graph showing plots of pressure ratio
versus flow which is equivalent to a fan map.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention controls the operating point of
a fan of a jet engine by monitoring the pressure about
the fan at given points. Referring to FIG. 1, there is
shown a schematic of a jet engine. The flow of air, as
shown by arrow 11, passes from the lefi side of the
diagram where fan 13 is located through to the right
side and to nozzles 15 and 17. A portion of the air passes
fan 13 and out through nozzles 15 and 17. The remain-
ing air passes high pressure compressor 19 and is heated
by burners 21 and 23. The heated air then passes
through turbines 25 and 27 and out through the area
between nozzles 15 and 17. Dotted line 29 represents
the entry plane and dotted line 31 represents the dis-
charge plane of fan 13. At planes 29 and 31 are placed
the time variant pressure probas

Referring to FIG. 2, there is shown a block diagram
of an embodiment of the invention wherein time variant
total pressure probes 33 and 35 are placed at entry plane
29 and discharge plane 31 of fan 13. These probes detect
changes in pressure and the pressure changes are con-
verted to electrical signals by pressure-to-electrical
transducers 37 and 39. Time variant pressure probes and
pressure to electrical transducers are well known in the
art and have been in use since the late 1960’s. See, for
example, “A Study of Inlet/Engine Interaction in a
Transonic Propulsion Wind Tunnel”, page 40, by M. B.
Sussman et al, Boeing Report D6-60116, January 1970.
One source of the pressure to electrical transducers is
Kulite Semiconductor Products, Inc., 1039 Hoyt Ave-
nue, Ridgefield, N.J. The output of transducers 37 and
39 are fed to filters 41 and 43 to eliminate any random
electrical signals. These filters are readily available
from manufacturers such as Aladdin Electronics, Nash-
ville, Tenn. The output of filter 41 representing the
pressure changes at entry plane 29 of fan 13 is shown in
FIG. 24 which is a plot of pressure versus time. Simi-
larly the output of filter 43 representing the pressure
changes at discharge plane 31 of fan 13 is shown in FIG.
2b. »

Returning to FIG. 2, root-mean-squared (RMS) me-
ters 45 and 47 measure the amplitudes of the outputs of
filters 41 and 43 and feed the results to computer 49
which computes the ratio of the RMS value from meter
47 to the RMS value from meter 45. These RMS meters
are readily available from manufacturers such as the
DISA Company. If computer 49 is an analog computer,
it can receive values directly from RMS meters 45 and
47 which are customarily analog devices. However,
computer 49 can be alternatively a digital computer
which would then require a pair of analog-to-digital
converters 46 and 48 interposed one each between RMS
meters 45 and 47 and computer 49. These analog-to-
digital converters are available from many manufactur-
ers; as an example, from Beckman Instruments, Fuller-
ton, Calif. A limit value of the ratio of the two RMS
values is predetermined and is a function of the flight
altitude (h o) and the Mach number (M o). This limit
value is compared with the ratio of the two RMS values -
in a threshold or comparing circuit 51. If computer 49 is
a digital computer the comparing circuit 51 will not be



